ABSTRACT. The role of Bordetella bronchiseptica sialic acid-binding hemagglutinin (SBHA) in bacterial colonization was studied by testing the ability of a phase-I strain carrying SBHA and its spontaneous mutants deficient in SBHA to colonize mouse tracheae. The mutants exhibited a remarkable reduction in colonizing ability, approximately 1,000-fold, when compared with that of the parent strain, suggesting that the possession of SBHA and the effective colonization by B. bronchiseptica organisms are closely related. -KEY WORDS: Bordetella bronchiseptica, colonization factor, sialic acid-binding hemagglutinin.
lack SBHA. The origin and the characteristics of these strains were described previously [5] . Cultures of these strains were maintained on Bordet-Gengou agar (BGA; Difco Laboratories, Detroit, Michigan) containing 5% defibrinated sheep blood and stored at 4°C. Bacteria grown on BGA for 24 hr at 37°C were harvested, washed twice, and suspended in phosphate-buffered saline (pH 7.0). To obtain an inoculum, the suspension was adjusted spectrophotometrically to a desired density. For each inoculum, the number of colony-forming units (CFU) per milliliter was confirmed.
An inoculum (20 µl) was instilled into both nostrils of each lightly etherized mouse (56 days of age).
Seven days after inoculation, each mouse was euthanized by inhalation of ether. The tracheal segment was excised aseptically, weighed and placed into phosphate-buffered saline (1 ml/10 mg of tissue) in a glass homogenizer (Wheaton Science Products, Inc., Millville, New Jersey). After homogenization with a Teflon pestle, BGA plates were inoculated with either 0.1 ml of the homogenate or a 10-fold serial dilution, and incubated for 2 days at 37°C. Mice were regarded as colonized if the number of B. bronchiseptica colonies yielded per milligram of tracheal tissue exceeded 5.
The colonizing ability of B. bronchiseptica strain A19 carrying SBHA was much greater than those of the corresponding mutants which lack SBHA (strains A19-712NH and A19-718NH) ( Table 1 ). Inoculation with 10 5.0 cells of strain A19 induced colonization in 90% of the mice, whereas the same number of the mutant cells did not colonize the tracheae of any of 15 mice. A dose of 10 6.0 cells of strain A19 was sufficient for complete colonization of tracheae. In contrast, colonization was found in none or only 1 of the 10 mice which received 10 6.0 cells of either of the mutant strains.
Fifty percent colonization doses (CD 50 ) of each strain were calculated by the method of Reed and Muench [6] ( Table 2 ). The differences in CD 50 suggest that the colonizing ability of SBHA-positive strain A19 is 10 2.9 to 10 3.2 times greater than those of the SBHA-deficient mutants.
Numerous bacterial pathogens which colonize epithelial surfaces are known to possess surface-associated antigens, termed colonization factors, which facilitate colonization of the host tissue. These colonization factors are produced in vitro when grown under appropriate culture conditions and are often identifiable as hemagglutinins.
Phase-I strains of Bordetella bronchiseptica, frequent causes of atrophic rhinitis in swine, cause disease by their ability to colonize the surface of respiratory epithelia [2, 3, 9] and to produce a dermonecrotic toxin [2, 3, 7] . The adherence of the bacteria to ciliated epithelial cells is thought to be a prerequisite for colonization of the respiratory tract [9] . In previous studies, we demonstrated in vitro that a B. bronchiseptica hemagglutinin with sialic acid-binding specificity (sialic acid-binding hemagglutinin [SBHA]), located on the surface of phase-I organisms, is responsible for bacterial adherence to porcine nasal epithelia [4, 5] .
In vitro systems have been used to characterize the molecular basis of bacterial adherence. The important question is, however, to what extent do these systems resemble the epithelial surfaces of their hosts. Epithelial surfaces are constantly bathed by secretions containing antibacterial enzymes and antibodies, which impede the attempts of pathogens to colonize them [1] . To fully characterize the mechanisms of bacterial adherence in diseases, therefore, results obtained from simple in vitro systems must be confirmed with results from more complex in vivo models.
Sekiya et al. reported previously that a small number of B. bronchiseptica organisms given by an intranasal route was sufficient for persistent colonization of respiratory epithelia in mice [8] . The purpose of the study reported here was to confirm, by the use of this mouse model, the role of SBHA for the colonization of respiratory tracts by B. bronchiseptica.
Specific pathogen-free, male mice of strain ddY were obtained from Japan SLC, Inc. (Hamamatsu, Shizuoka, Japan).
B. bronchiseptica strains used in this study were phase-I strain A19 and 2 isogenic mutants of this strain (strains A19-712NH and A19-718NH) which are in phase I, but
The challenge strains were usually the only ones detected in the tracheal cultures. Washing of the tracheal lumen had almost no effect on the number of associated organisms (data not shown).
In the mouse model, an SBHA-positive B. bronchiseptica strain showed much greater ability to colonize tracheal mucosa than did its mutants lacking SBHA, suggesting that the expression of SBHA is important for successful colonization by the organisms of this species. Feeble colonization by SBHA-negative mutants indicates that cellsurface components, lost together with the loss of SBHA activity, may confer on the organism much of its ability to colonize the mucosa. The weak capability of the SBHAdefective mutants to colonize tracheae might be attributable to the possibility that these mutants incompletely express a single colonization factor (i.e., SBHA), or to the possibility that the mutants still have the ability to produce additional colonization factors besides SBHA.
There may be specific structures which interact with SBHA on the epithelial surface of mouse tracheae. SBHA appears to mediate bacterial attachment to the luminal surfaces of respiratory tracts in vivo, as well as in vitro [5] . In any case, further research to clarify the role of SBHA in the pathogenesis of B. bronchiseptica infection in pigs, and specifically, to determine whether or not SBHA functions, in the early stage of infection, as a colonization factor on the mucosal surface of porcine respiratory tract, is needed.
